ABSTRACT Ultraviolet spectra obtained with Hubble Space T elescope (HST ) of two Mira-type variable stars, R Leo and R Hya, are presented, along with analysis providing information on their outer atmospheres. These high-dispersion spectra were taken with the Goddard High Resolution Spectrograph (HRS) in two spectral regions : 2320È2368 to record the C II] (UV0.01) multiplet and 2785È2835 to obtain the Mg II A A h and k lines. The R Hya spectrum was obtained at visual light phase 0.26 and shows a Mg II spectrum that is very clean, showing clear evidence for the overlying circumstellar absorption from Fe I (UV3) and Mn I (UV1) over the k line. The Ñuoresced Fe I (UV44) feature at 2824 is plainly visible in A this spectrum, whereas past International Ultraviolet Explorer (IUE) observations of Mira variables at high dispersion were unable to record this feature. Remarkably, the newly identiÐed Ñuoresced Fe I (UV45) feature near 2807 is seen in this spectrum. Until now, this line has been seen only in cool A carbon stars with HST /HRS. This line is pumped by the thin C II] (UV0.01) emission line at 2325.5 A . Two of the strongest C II] (UV0.01) lines near 2325 are plainly seen in this spectrum. This region of A the spectrum, however, is dominated by the Si II] (UV0.01) line near 2335 in contrast to that observed A , in the carbon stars and the non-Mira oxygen-rich red giant stars. Very weak Mg II lines are seen in the R Leo spectrum at phase 0.12. At this phase, these lines are typically absent in IUE spectra. Velocity shifts of emission features in the UV spectra of Mira variables are consistent with previously published hydrodynamic models of these stars. These velocities indicate, however, that the C II] (UV0.01) emission lines are not formed in the same atmospheric layers as the Mg II emission. The electron density deduced from the C II] (UV0.01) multiplet is D109 cm~3. Finally, the temperature-density structure of the semiregular variable carbon stars is similar to the oxygen-rich Mira variablesÈboth are hydrodynamic in nature ; however, the carbon stars macroscopic velocity Ðelds are not identical to the Mira stars in the atmosphere layers between the Mg II emission region and the circumstellar shell.
INTRODUCTION
Detailed knowledge of the atmospheric structure of evolved giants stars is of fundamental importance, not only to the theory of stellar atmospheres, but to the understanding of stellar evolution and the chemical history of the Milky Way Galaxy. Mira-type variable stars are asymptotic giant branch (AGB) stars that show evidence for somewhat regular pulsations in their spectra and light curves. Emission lines seen in their spectra at visual wavelengths (e.g., Fe I lines and the hydrogen Balmer lines) vary in Ñux over the pulsation cycle (Bidelman & Herbig 1958 ; Wood 1975 ; Gillet 1988 ). Phase-dependent velocity measurements of these emission-line features indicate the presence of shock waves propagating through the outer envelopes of these stars (Willson 1976 ; Willson, Wallerstein, & Pilachowski 1982) , which was Ðrst suggested by Merrill (1940) . The International Ultraviolet Explorer (IUE) spacecraft has shown that ultraviolet (UV) emission-line variability also is correlated with pulsations (Brugel et al. 1987 ; Bookbinder, Brugel, & Brown 1989 ; Luttermoser 1996) . In addition to 1 Member of the Institute for Mathematical and Physical Sciences, East Tennessee State University.
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3 Visiting Astronomer, Kitt Peak National Observatory and National Solar Observatory, NOAO, operated by the Association of Universities for Research in Astronomy, Inc. (AURA), under cooperative agreement with the National Science Foundation. the more typical collisionally excited lines, Mira variables also show strong Ñuorescent lines at both visual and UV wavelengths (Bidelman & Herbig 1958 ; Luttermoser 1996) . Fe I (42) at 4202 and 4308 both pumped by the Mg II k A , line, are a good example of this Ñuorescence.
In an attempt to understand the brightness variability and spectra, astronomers have been modeling the atmospheres of these stars with a variety of techniques. Sophisticated hydrodynamic models have been generated for these stars (e.g., Drinkwater & Wood 1985 ; Bowen 1988 ; Fleischer, Gauger, & Sedlmayr 1992 ; Bessell, Scholz, & Wood 1996 ; Hoefner & DorÐ 1997) . Luttermoser & Bowen (1990 and D. G. Luttermoser, G. H. Bowen, & L. A. Willson (1999, in preparation) have used the Bowen (1988) models to generate non-LTE synthetic spectra.
The IUE archives contain an enormous amount of data concerning Mira variables. However, IUE did not have the sensitivity to reach the faint C II] (UV0.01) intersystem multiplet near 2325 under high dispersion. This multiplet A is sensitive to the electron density of the gas emitting these photons (e.g., Stencel et al. 1981 ; Lennon et al. 1985) . As such, we have used the Goddard High-Resolution Spectrograph (HRS) on the Hubble Space T elescope (HST ) to record these features in two Mira-type variable stars, R Leo and R Hya, along with the Mg II features near 2800 This A . data will be a strong constraint to the atmospheric models that are now being generated for these types of stars.
We discuss the spectral observations and the data reduction in°2. A detailed analysis of this data is presented in°3 along with its implications concerning the kinematic properties (Ñows, turbulence) of the outer atmospheres. In°4
, a discussion of the results learned from the spectra and comparisons to other types of red giant stars are made. Finally, concluding remarks about this work are presented in°5.
OBSERVATIONS
Mira variable stars typically change in brightness at visual wavelengths of at least 2.5 mag with periods greater than 150 days. They are predominantly M-type stars, but smaller percentages exist for the S and C spectral classes. Two basic types of emission lines exist in the spectra of These lines are important since Ñux A . ratios of various lines in this multiplet give an accurate measure of electron density in the region of the atmosphere giving rise to these lines (Stencel et al. 1981 ; Lennon et al. 1985) . With the greater light-gathering power of HST , these weak features can now be recorded at high dispersion.
Comparisons will be made between velocity shifts of line proÐles and the center-of-mass (i.e., radial) velocity of the stars in our sample. This velocity is not easy to derive in Mira variables, since absorption lines in these stars often exhibit variable Doppler shifts because of the dynamic nature of their atmospheres (e.g., Barnbaum 1992 ; Hinkle, Lebzelter, & Scharlach 1997 ; Udry et al. 1998) . Currently, the best estimate for the center-of-mass velocity is provided by the CO microwave rotational lines, which forms high above the photosphere. Hinkle et al. (1997) cite [11.8 km s~1 for the center-of-mass velocity of R Hya. Note, however, that Zuckerman & Dyke (1986) measured a value of [9.9 km s~1 for this velocity based on measurements of the CO (2È1) emission, Loup et al. (1993) cites a value of [10 km s~1 based on CO (1È0), and Young (1995) gives a radial velocity of [10.0^0.2 for R Hya based upon CO (3È2) and (4È3) lines. For this work, we will use [10.0 km s~1 as the center-of-mass velocity of R Hya. Hinkle, Scharlach, & Hall (1984) give an average of ]7.2^1.0 km s~1 for R Leo based upon both CO and SiO rotational lines. Later, comparisons will be made to a sample of non-Mira red giants ; two semiregular-variable carbon stars, UU Aur (N3 II ; C6,4) and TX Psc (N0 II ; C6,2), and the oxygen-rich red giant k Gem (M3 III). The center-of-mass velocities used for these stars are ]6.8 km s~1 for UU Aur, ]12.2 for TX Psc (both from CO data of Olofsson et al. 1993 ) and ]54.8 km s~1 for k Gem (Wilson 1953 ).
HST /HRS Spectra
Prior to the HST servicing mission under GO Program 6620, we were able to obtain data of two di †erent (but similar) Mira variables at two di †erent phases : R Hya, at phase 0.26, taken on 1996 July 9 with the G270M grating through the large science aperture (LSA), and R Leo, at phase 0.12, taken on 1997 January 14 with the same telescope conÐguration (see Table 1 ). In order to compensate for thermal drifts in the HRS, SPYBAL observations were made between the longer exposures of the targets. Also note that COSTAR was deployed for each of the observations. The Mg II observations for both stars were taken with FP-SPLIT\4 to minimize e †ects of the response irregularities in the photocathode detectors. Meanwhile, because of the expected low Ñux levels of the spectra in the C II] regime, FP-SPLIT was turned o † ; however the long exposures were split into two separate exposures to help reduce any longterm wavelength shifts caused by thermal changes in the detectors (see Table 1 ). Note that the recommended maximum exposure length of Ðve to ten minutes could not be followed because of the expected extreme low Ñuxes of the C II] lines.
These observations were concerned primarily with obtaining accurate Ñuxes of the Mg II and C II] (UV0.01) emission features in the spectra. Exact shapes and velocities of the line proÐles were of secondary importance. Hence, the LSA was used along with standard wavelength calibrations during this observing program. Data was retrieved from the magnetic tapes using the STSDAS "" strÐts ÏÏ procedure under IRAF. Final reduction of the data was made using the STSDAS procedures "" po †sets,ÏÏ "" specalign,ÏÏ and "" mkmultispec ÏÏ following the directions detailed in the HST Data Handbook (Leitherer 1995) . Data analysis was handled using the Interactive Data L anguage (IDL) with procedures written by the author. Before performing this analysis, ASCII Ðles were made of the reduced data using the STSDAS procedure "" imtab.ÏÏ Flux, wavelength, and header information were stored in one ASCII Ðle from the Ðles generated above using IDL. With the help of and the Ultraviolet Multiplet T ables (Moore 1950) , line identiÐ-cations were made for both emission and absorption features, and FWHM and line shifts were determined for the emission features, once again, using IDL procedures written by the author. The absolute throughput of the LSA is poorly known ; however it is estimated that the Ñux uncertainly of stellar objects taken through the LSA with COSTAR is between 5% and 10% of the observed Ñux. The wavelength uncertainties are approximately 0.03 (3.6 km A s~1) in all spectra and the spectral resolution is 0.13 (D14 A km s~1) in both the C II] and Mg II regions.
IUE Observations
For comparison purposes, a sample of high-dispersion IUE spectra are displayed for a variety of phases for R Leo. These observations were obtained for an observing campaign that monitored both Mira-type red giant variable stars and semiregular variable stars at both UV and visual wavelengths in order to investigate the Ñuorescent lines that are often seen in the blue spectral regions of Mira variables (see D. G. Luttermoser, 1999, in preparation) . These spectra were obtained during the fourteenth year of IUE mission under program LGNDL and the Ðfteenth year under program CVODL (see Table 2 ). Each spectrum was taken through the large aperture of IUE with the LWP camera. These spectra were reduced using the standard IUE RDAF IDL procedures. For days where multiple high-dispersion exposures were made of R Leo, the spectra were coadded to improve the signal-to-noise ratio. Saturated pixels and radiation hits were not included in the coadded spectra. The spectral resolution of these spectra are 0.15 (D16 km s~1) A at Mg II. regime. The spectral resolution of these A spectra were 0.20 and 0.22 respectively, and the respec-A , tive wavelength errors were 0.0039 and 0.0057 as deduced A from the wavelength calibration. These observations were obtained under the NSO Synoptic Observing Program (ID : 1545) using the 105 mm transfer lens, Ðve-element image slicer, and the Milton & Roy Blue Grating. Guiding was carried out on the target star by use of a dichroic Ðlter at the entrance aperture of the slicer, which fed the red light from the star to the guider television camera. The data reduction was carried out using IDL procedures written by the author. The details of these reductions can be found in D. G. Luttermoser (1999, in preparation) .
SPECTRAL ANALYSIS
At visual wavelengths, the strongest emission lines seen are the hydrogen Balmer lines. The peak Balmer line Ñux occurs at phase 0 (which is deÐned to be the maximum visual brightness). Typically, around phase 0.2, emission lines from neutral metals, particularly Fe I, begin to appear in the blue and these reach a peak Ñux around phase 0.3È0.4 as the star pulsates.
At UV wavelengths (as observed with IUE), emission lines do not appear until phase 0.15, at which point they continue to gain strength in time until reaching a maximum around phase 0.3È0.4, similar to the neutral metal lines. Figure 1 shows a series of high-dispersion IUE spectra of R Leo in the Mg II h and k region. Most non-Mira red giant stars display e †ectively thin Mg II h and k lines (e.g., Judge et al. 1993 )Èlines that show double-lobed emission features with an integrated Ñux ratio of F(k)/F(h) B 1.5, the ratio of their respective oscillator strengths. IUE observations have shown us that this is not the case for Mira variable stars. When Mg II is near its peak Ñux (D phase 0.3È0.4), F(k) \ F(h), then slowly take on the more normal, e †ec-tively thin F(k)/F(h) [ 1 as the Ñux of these lines fade past phase 0.5 (D. G. Luttermoser, 1999, in preparation) . These IUE spectra give a strong indication that the relative weak- ness of the k line with respect to the h line results from absorption from Fe I and Mn I in a cooler overlying shell. Another obvious feature of the Mg II doublet is the large blueshift of the emission of these lines with respect to the rest velocity of the star (as shown by dashed lines in Fig. 1 ). Such blueshifts are not seen in the non-Mira red giants and the cause of this shift is still debated (see D. G. Luttermoser, 1999 , in preparation, for further analysis of this IUE data).
Higher spectral resolution of the Mg II lines is required to ascertain securely the identity of the overlying absorption features and to improve the understanding of the physics in the outer atmospheres in Mira variables. As such, the previously mentioned HST /HRS observations were obtained to address the problem. Figure 2 shows the Mg II lines in the spectrum of R Leo at phase 0.12Èthe lines are just starting to rise out of the noise. This HST /HRS spectrum is the earliest (in phase space) these lines have been seen in a Mira. Note that the Ñux of the k line is approximately twice as great as the h, similar to that seen in warmer red giant stars. Later, as these lines strengthen, h becomes stronger than k because of the interaction of the k line photons with the overlying circumstellar absorption lines. However, the C II] (UV0.01) lines are still too faint to be seen at this phase. Figure 3 shows Mg II at phase 0.26 in R Hya. As was seen with IUE, the Mg II h and k lines are blueshifted with respect to the stellar rest frame (dashed lines). The Ñuoresced Fe I (UV45) line (pumped from C II] j2325.4) is also blueshifted whereas the Fe I (UV44) line (pumped from Mg II k) is relatively stationary with respect to the star. Meanwhile, Figure 4 shows the C II] (UV0.01) lines at this same phase for R Hya. This is the Ðrst time the C II] (UV0.01) multiplet has been recorded in a Mira variable under high dispersion. The Ñux ratio of lines in this multiplet can be used to measure electron density. Unfortunately, the usually strong line at 2325.4 is compromised by circumstellar absorption A from an Fe I (UV13) transition at 2325.3 The weak Ñux of A . the lines at 2324.7 and 2326.9 suggests an electron density A of D109 cm~3 ; however, the uncertainties are large (D30%) because of the noise.
With the help of Carpenter, Wing, & Stencel (1985) , we have identiÐed some of the absorption features seen in the UV spectra of Mira variables. One of the most obvious absorption features in Figure 5 is the OH (1, 0) band-R 1 head near 2811 A .
One surprising feature has been seen in the spectrum of R HyaÈthe Fe I (UV45) emission line at 2806.984 (Fig. 5) . A This Ñuoresced line was Ðrst discovered in the HST /HRS spectrum of the carbon star UU Aur (Johnson et al. 1995) and is pumped by the thin C II] line at 2325.398 through A an Fe I (UV13) transition at 2325.320 (see Luttermoser A 1999 for a description of the discovery of this mechanism). This is the Ðrst time this Ñuoresced-emission feature has been seen in a noncarbon star ! The appearance of this feature in oxygen-rich stars suggests that one need only an appreciable circumstellar shell over a chromosphere (i.e., an enhanced temperature regime in the outer atmosphere) to produce this feature. Unfortunately, this fact prevents us from using this line to determine the electron density in these stars. Deeper observations with the Space Telescope Imaging System (STIS) will be required to retrieve this information from the fainter, noncompromised C II] lines at 2324.689 and 2326.930 A .
The emission feature just longward of the strong Fe I (UV2) absorption line has proven to be quite a challenge to identify. A search of the Ultraviolet Multiplet T ables (Moore 1950) sion lines in this spectrum are much less than the uncertainty in the center-of-mass velocity as noted at the beginning of°2. A A possible transition near this wavelength was found, Sc II (UV4). Unfortunately, no other lines in this multiplet are seen and with a lower energy level of 3.4 eV, it is unlikely that Sc II is the source of this emission feature. As such, the emission feature at 2807.75 will remain unidentiÐed. A The Mg II h and k lines are one of the main driving forces behind the various Ñuorescent features that are seen at visual wavelengths of Mira variables. Figure 6 shows the stellar rest-frame position of neutral-metal lines that absorb Mg II photons, which are then reemitted at visual wavelengths (see Figs. 7 and 8) . Overlying absorption from a circumstellar shell (i.e., the extreme outer atmosphere of the star) severely mutilates the Mg II resonance lines. In Mira stars, absorption from circumstellar Fe I (UV3) gives rise to the strong Ñuorescent lines of Fe I (42) at 4202 and 4308 A as shown in Figures 7 and 8 . The Mn I (UV1) resonance line at 2794.817 also produces Ñuoresced lines at visual wave-A lengths (Bidelman & Herbig 1958) . A new Ñuoresced line at 4372.4 caused by Ti I (277) is identiÐed and its pump is A identiÐed here as Ti I (UV24) at 2802.465 which absorbs A , Mg II h-line photons. This Ti I (277) feature mimics the same Ñux-variation pattern as the Fe I (42) lines, which further supports the Mg II h-line pump scenario.
DISCUSSION
It is interesting to note the di †erences and similarities in the UV emission lines for the various spectral and variability classes of red giant stars. Figures 9 and 10 show such comparisons. R Hya is an M7 Mira variable with an e †ec-tive temperature of 2680^70 K when at phase 0.28 (Hani †, Scholz, & Tuthill 1995) , which is close to the phase at which the HRS observations were made. For comparison, HRS spectra are displayed for k Gem, a nonvariable M3 red giant with an e †ective temperature of 3587^93 K (Di Benedetto & Conti 1983) , TX Psc, a carbon star with an e †ective temperature of 3090^125 K 1989 ; (JÔrgensen Quirrenbach et al. 1994) , and UU Aur, a cooler carbon star at an e †ective temperature of 2767^25 K (Quirrenbach et al. 1994 ). Both of the carbon stars are semiregular (i.e., nonMira) variable stars. In Mira stars, the Mg II line emission is shifted blueward of the stellar rest velocity, whereas the semiregular, oxygen-rich variable stars and the nonvariable red giants display Mg II emission, which is virtually at rest with respect to the stellar photosphere of the star. Also note that circumstellar absorption is not evident in the earlier red giant star k Gem [i.e., F(k)/F(h) B 1.5]Èonly the narrow interstellar absorption is seen blue shifted from the self-absorption of the upper stellar atmosphere. Indeed, in terms of UV spectra, the carbon-rich (non-Mira) giants appear more similar to the oxygen-rich Mira variablesÈ Mg II k and h mutilation by overlying absorption and the appearance of the Ñuoresced Fe I (UV45) emission line in both spectra.
Meanwhile, the Ñux ratio of various lines in the optically thin C II] (UV0.01) multiplet (e.g., j2325.40/j2328.12, j2325.40/j2326.93, and j2324.69/j2326.93ÈLennon et al. 1985) indicate the electron density of the gas that gives rise FIG. 9 .ÈThree comparison HST /HRS spectra in the Mg II spectral region. Each spectrum has been shifted to the rest frame of the star in question and their peak Ñuxes have been normalized to unity. Vertical dashed lines represent the laboratory wavelengths of Mg II h and k. It is this absorption that gives rise to the Fe I (UV45) A . emission line at 2807.0 in both the carbon stars and the Mira stars. Each A spectrum has been shifted to the rest frame of the star in question and their peak Ñuxes have been normalized to unity.
to the emission. In Figure 10 , one can plainly see a clear di †erence in the overall appearance of the C II] multiplet in the oxygen-rich, non-Mira (k Gem), the carbon-rich, nonMira (TX Psc), and the oxygen-rich, Mira (R Hya). Carpenter et al. (1997) found an electron density of 109 cm~3 for TX Psc using the j2324.69/j2326.93 ratio but noted that this value is uncertain because of the possibility that the C II] multiplet may not be optically thin in this star. However, the k Gem C II] spectrum implies an electron density of 3 ] 108 cm~3 at the depth of formation of these ionized carbon lines. Although the uncertainties are high, the electron density in both TX Psc and R Hya are a factor of 3 greater than that of the nonvariable M-star k Gem. These higher electron densities may be an observational characteristic of red giant stars with shocked atmospheres.
Tables 3 and 4 list the Ðve stars in our sample and tabulate the integrated Ñux the Mg II resonance lines and the C II] (UV0.01) multiplet, normalized by the K-magnitude Ñux (Table 3) , and the velocity information of the C II] lines and the UV Ñuoresced lines [e.g., Fe I (UV44) at 2823.3 A and Fe I (UV45) at 2807.0 4]. Note the ratio of A ÈTable the integrated Ñux between the Mg II k and the Mg II h lines. The k line should be approximately twice as strong as the h line for these e †ectively thin lines. Circumstellar absorption from neutral metal lines is the cause of this ratio being less than unity and the identiÐcation of these features can be made securely from the R Hya spectrum. Strangely, the circumstellar absorption at earlier phases in a Mira variable starÏs cycle is not apparent (e.g., R Leo at phase 0.12). This can be understood by noting the FWHM of the Mg II featuresÈthese lines simply are not wide enough at early phases to interact with the Fe I (UV3) or Mn I (UV1) multiplet lines.
Another interesting observation concerns the Fe I (UV45) Ñuorescence. Twenty percent of the C II] Ñux goes into pumping this feature in the carbon star. However, 6 times the amount of Ñux seen in the C II] lines comes out in this Fe I line in the Mira star ! There are numerous di †erences between the atmospheric structure of oxygen-rich versus carbon-rich stars and Mira versus non-Mira red giant variables (Johnson 1987 ; Judge 1989 ; Judge & Stencel 1991 ; Luttermoser & Johnson 1992) , which complicates comparisons between cool giants stars. When comparing these Ñuxes of the Fe I (UV45) and C II] (UV0.01) emission lines, it should be noted that the C II] integrated Ñux as compared to the Mg II integrated Ñux is greater in carbon stars than it is in oxygen-rich cool giants (see Fig. 4 of Judge 1989) . The observation that the Fe I (UV45) to C II] Ñux ratio is so much larger in the oxygen-rich Mira (e.g., R Hya) than in the carbon-rich SRb variable (e.g., TX Psc) suggests that the circumstellar envelope around oxygen-rich Mira variables may be signiÐcantly thicker than the carbon-rich non-Mira red giants. Mass-loss rates based on the CO (1È0) and/or (2È1) transitions give 9.1 ] 10~8 yr~1 for TX Psc M _ (Olofsson et al. 1993 ) and 4.0 ] 10~7 yr~1 for R Hya M _ (Hinkle et al. 1997 )Èover 4 times larger than the rate for TX Psc. It should be noted here that large systematic di †er-ences in derived mass-loss rates by various investigators have been noted in the past (Judge & Stencel 1991 ; Jorissen & Knapp 1998) . The cause for these systematic di †erences lies in the adopted CO abundance ratio assumed by these investigators.
Opacities of C-rich and O-rich dust are quite di †erent at optical and infrared wavelengths that have a signiÐcant e †ect on the emergent spectra of stars with circumstellar envelopes (see Fig. 3 of Wallerstein & Knapp 1998) . The Ñux detected in the IRAS photometry bands (i.e., 12, 25, 60, and 100 km) is dominated by emission from the circumstel- a Note that measured values for the lines in the C II] multiplet are averaged for those lines in the multiplet that have a signal-to-noise ratio of at least 2 and that are not compromised by circumstellar absorption.
b FWHM values are measured in with uncertainties of^0.03 for each reported value. A , A c Radial velocity shifts (RV) are measured in km s~1, with negative values indicating observed blueshifts, and correspond to gas outÑowing away from the star. Velocity uncertainties with respect to the center-of-mass velocity are^0.7 km s~1 for each measurement. lar shell in AGB stars (see Young, Phillips, & Knapp 1993 plot, which corresponds with objects that are mainly nonvariable, cool carbon stars with very cold dust at large distances from the star, though 24% of the stars in this group in the data set of van der Veen & Habing (1988) are variable. Meanwhile, R Hya lies in region II close to the region VII border in the two-color diagram. The majority of stars in region II are identiÐed as (Mira) variable stars with relatively young oxygen-rich circumstellar shells.
For a given mass-loss rate, mass-losing time interval and similar photospheric e †ective temperatures, carbon stars are more obscured than oxygen stars for j \ 2 km but are brighter than oxygen stars for j [ 30 km, with the Ñux in the K band (2.2 km) being relatively una †ected by the C/O ratio (see Fig. 3 of Wallerstein & Knapp 1998) . The integrated Ñux comparisons between oxygen and carbon stars in the IRAS 12 and 25 km bands is not trivial because of silicate emission bands seen in oxygen-rich shells. With these uncertainties in mind, an attempt to estimate the relative thickness of the circumstellar shells is now made assuming the shells of R Hya and TX Psc are of similar temperature. This is done to determine the validity of the analysis of the respective circumstellar shell thickness from the UV data. IRAS Ñuxes, normalized by the photospheric K-band Ñux, will be used for this comparison. The IRAS data are obtained from Loup et al. (1993) as shown in Table  5 . The IRAS Ñux S is converted from janskys (Jy) to an integrated Ñux F in ergs s~1 cm2 following equation (A.1a) from Loup et al. (1993) . The K magnitudes of k Gem, TX Psc, and UU Aur are [1.89, [0.76, and [0.61, respectively (Bergeat & Lunel 1980) , and for the Mira variables R Hya and R Leo, the average K magnitudes of [2.50 and [2.52, respectively, will be used (Feast 1996 ; van Leeuwen et al. 1997) . K magnitudes are then converted to integrated Ñuxes (ergs s~1 cm2) using equation (2.28) of Henden & Kaitchuck (1982) in cgs units with a K-bandpass of 4800 A . The results of these calculations are shown in Table 3 and used in both Tables 3 and 5. Note that in the three IRAS bands investigated, R Hya shows a much greater circumstellar Ñux than TX PscÈa factor of 19 times the brightness of TX Psc in the 12 km band, 28 times in the 25 km band, and 15 times in the 60 km band. Hence, with the assumptions that have been outlined above, the infrared signatures of the circumstellar shells of these stars are consistent with the analysis of the Fe I (UV45) Ñuorescence aboveÈR Hya appears to have a thicker circumstellar shell than TX Psc.
The strength (in terms of FWHM) of the Ñuoresced Fe I (UV44) (pumped by Mg II) is similar in all of the stars in our sample. However, the C II] lines are wider in the carbon AGB star (e.g., TX Psc) than in the noncarbon AGB stars (e.g., R Hya). Indeed, these lines may not be optically thin in the carbon stars (see Carpenter et al. 1997 ; Carpenter, Robinson, & Johnson 1998) , no doubt because of the larger carbon abundances in these stars. However, the Ñuoresced Fe I (UV45) line is wider in the Mira star as compared with the carbon stars. Remember, this line is pumped by the C II] line at 2325.4 Indeed, this is further proof that the cir-A . cumstellar shell around Mira variables are substantially thicker than the non-Mira carbon stars, even though both stellar types show the circumstellar absorption over the Mg II lines.
As a prelude to carrying out NLTE radiative transfer calculations of hydrodynamic models of these stars, we follow the approximate technique described by Eriksson et al. (1986) of Ðtting the Mg II features with a series of Gaussians. Table 6 tabulates the results of this Ðtting for our Mira R Hya, and two non-Mira carbon stars, TX Psc and UU Aur. In this table, the radial velocity of the features are displayed with respect to the stellar rest frame for the various features. Figure 11 shows the resulting Ðt for R Hya. In this Ðtting technique, a Gaussian emission proÐle is Ðtted to the wings of the Mg II emission, velocity shifts are kept consistent for both the k and h lines and the ratio of the integrated Ñux of these proÐles is constrained to match the ratio of respective oscillator strengths (e.g., D1.5) of these lines. The peak Ñux and the FWHM of these emission proÐles are listed in Table 6 for each star. Note that the HRS FIG. 11 .ÈGaussian emission proÐles (dot-dashed line) with overlying Gaussian self-absorption proÐles (triple-dotÈdashed line) and circumstellar absorption give a Ðnal proÐle (solid line) that gives the best Ðt to the observed Mg II features (dashed line) of R Hya. The Gaussian proÐle parameters for these proÐles are listed in Table 6 . instrument proÐle has not been deconvolved from the stellar proÐle in these measurements. The Ðrst thing to note is the relatively large velocity that the emission portion of Mg II has with respect to the photosphere of the stars. The sound speed in the outer atmospheres of these stars is typically around 10 km s~1Èthe Mg II emission velocity is clearly supersonic in R Hya and UU Aur. Although the velocity for TX PscÏs emission is somewhat lower than that of the other two stars, it should be noted that the IUE proÐle analyzed by Eriksson et al. (1986) gave an emission shift of [40 km s~1 for Mg II, similar to R Hya and UU Aur in our measurements. We next add an absorption Gaussian proÐle into the emission proÐle to represent the self-absorption of Mg II higher in the atmosphere. This self-absorption results from the decrease of opacity of the line as one travels higher in the atmosphere as the source function of the line decreases (see Luttermoser et al. 1989) . Here is where the Mira star is fundamentally di †erent from the non-Mira carbon stars. In the carbon stars, the self-absorption shows an outÑow from the stars, whereas the Mira star shows a relatively stationary self-absorption. Qualitatively, such a macroscopic velocity shift for the Mira is consistent with the velocity Ðeld of hydrodynamic models of Mira variables (e.g., Bowen 1988 ; Fleischer et al. 1992) , that is, the gas velocity in the shock is larger than the gas velocity in the outermost region of the atmospheric model. From the emission of Mg II, the atmospheres of the Mira variables and non-Mira carbon stars must have shocks propagating through them. However, the velocity proÐles are not the same higher in the atmosphere. In summary, the atmospheric structure di †erence between semiregular variable carbon stars and oxygen-rich Mira variables is more of a quantitative than qualitative nature, which also was pointed out by Hinkle et al. (1997) Èthe physics governing the two types of stars (and especially the presence of a shock) is probably very similar.
As stated earlier, the Mg II doublet also shows evidence of overlying absorption from neutral metal lines arising from a cooler circumstellar shell around the star. Table 6 shows the results of the Ðts of the four main lines that contribute to the asymmetries seen in Mg II h and k. A majority of these lines show a low expansion velocity. Since the overlying obscuration is so extreme in these stars, we did not try to add an interstellar absorption proÐle from Mg II. This, of course, increases the uncertainty in the placement of the circumstellar absorbers, unless the interstellar medium feature is coincident with the atmospheric self-absorption of Mg II. Also note that additional overlying lines were sometimes needed to get an exact Ðt to the observed proÐles : Fe I (UV124) at 2794.157
Zr I (UV4) at 2795.140 and Fe I (UV44) at A , A , 2795.540 All of the circumstellar transitions were selected A . based on the criterion that they be neutral metals with a lower energy levels less than 3 eV.
The above analysis is only approximate at best. In reality, Mg II forms over a large region in the outer atmospheres of these stars where the macroscopic velocity is continually changing with height (and time). As such, a two-component Ðt to these lines can lead to unanticipated errors in the velocity measurements. Instead, NLTE radiative transfer modeling must be performed to conÐrm our approximate measurements. Finally, since one has many free parameters to play with when performing Gaussian Ðts, uncertainties also arise in the placement of the Gaussians. It was found from this analysis that the uncertainties in the velocities of all our Ðts are on the order of 5È10 km s~1. The Gaussian emission proÐle uncertainty is large when overlying absorption lies near the edges of the Mg II line wings.
CONCLUSION
We have obtained high-resolution UV spectra of two Mira stars, R Hya and R Leo. The spectrum of R Leo was obtained at phase 0.12, which presented very weak Mg II lines and nothing else. Given the low signal-to-noise ratio, we were unable to carry out any analysis with this spectrum. The R Hya spectrum, taken at phase 0.26, shows a remarkable amount of detail that has enabled us to carry out a preliminary analysis. The following results were found from this analysis.
1. A new Ñuoresced emission line was discovered for oxygen-rich starsÈthe Fe I (UV45) line near 2807 which A , is pumped by the strongest line of the C II] (UV0.01) line at 2325.5 Prior to this observation, this Ñuorescence had A . been seen only in cool carbon stars.
2. Velocity shifts of emission features in the UV spectra of Mira variables are consistent with previously published hydrodynamic models of these stars.
3. Velocity measurements indicate that the C II] (UV0.01) emission lines are not formed in the same atmospheric layers as the Mg II emission. The exact location of the formation depths of these lines must await the results of NLTE modeling.
4. The electron density deduced from the C II] (UV0.01) multiplet is D109 cm~3.
5. The temperature-density structure of the semiregular variable carbon stars is similar to the oxygen-rich Mira variablesÈboth are hydrodynamic in nature ; however, the carbon star macroscopic velocity Ðeld is not identical to the Mira star in the atmosphere layers between the Mg II emission region and the circumstellar shell.
These Ðndings suggest that the non-Mira carbon stars are pulsating just as is the case for the Mira stars, where this pulsation gives rise to outward moving shocks in their atmospheres. This statement is based on the velocity shifts and line proÐles seen in the emission lines of their UV spectra. High-resolution UV observations like these, used in conjunction with hydrodynamic and NLTE radiative transfer modeling, will lead to a more complete understanding of the outer layers of these stars. A monitoring program for a set of Mira variables and semiregular variables at high dispersion (perhaps with STIS) over a few pulsation cycles would be invaluable in understanding the details of the structure of these important stars.
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